Triorganoantimony(V) bis(dialkylthiophosphates) of the type [R 3 Sb{OSP(OR') 2 }2] (R = Me, Et, Ph; R'= Et, Pr 11
Introduction
Recently, we have investigated a number of organotin complexes with oxy and thio phosphorus acids'. It was found that subtle variations in the nature of substituents on phosphorus acids or on organotin moieties result in many structural diversities^. Hence we felt it worthwhile to explore the chemistry of organoantimony compounds with these ligands. Although, a number of antimony(III) complexes with such ligands have been investigated 3 "^, there is a paucity of data on analogous antimony(V) complexes*', possibly due to intramolecular redox process associated with organoantimony(V) compounds containing sulfur ligands^. For example, trimethylantimony bis(thiobenzoate) appears to dissociate reversibly as shown below®*.
Me 3 Sb(OSCPh) 2 Me 3 Sb + PhC(0)SSC(0)Ph While this work was in progress, Haiduc et.al^ reported the synthesis of [Me 3 Sb(OSPR2)2] (R = Me, Et, Ph), however, their attempts to isolate analogous triphenylantimony complexes were not successful. We have chosen dialkylthiophosphato ligands with the hope that acids containing P-O-R linkage might behave differently than those with P-C linkage (diorgano thiophosphinates). With the phosphate ligands, the triphenylantimony(V) complexes can be synthesized conveniently. In this paper we report the synthesis of
Results and discussion
The reaction of triorganoantimony dichlorides with two mole equivalents of ammonium dialkylthiophosphates in anhydrous benzene at room temperature afforded colourless oily complexes of the type [R 3 Sb{OSP(OR')2}2] (R = Me, Et, Ph; R '= Et, Pr n , Pr 1 , Bu n ). These complexes were characterized by elemental analysis (Pand Sb), IR and NMR (^H, 13 C{ , H} and 31 P{ ! H}) spectral data.
The IR spectra of the ammonium salts and the complexes exhibited strong broad bands in the region 880-1170 cm-1 and 730-870 cm-1 which were assigned to v(P)-0-C coupled with C-C stretchings and vP-O-(C), respectively 1 ®. A medium to strong intensity band in the region 600-665 cm-1 , has been attributed to vP=S'° and showed a marked shift to higher wave numbers (10-50 cm-1 ) on complexation. A band in the region 410-460 cm-1 , absent in the spectra of ammonium salts, has been assigned to vSb-O
1
The trialkylantimony complexes exhibited a band in the region 520-550 cm-1 , which was absent in the spectra of triphenylantimony complexes as well as in the ammonium salts, attributable to the asymmetric Sb-C strechings 1^'1 . This suggests a trigonal bipyramidal geometry with planar R 3 Sb group 1^'13 . The triphenylantimony(V) complexes showed absorptions at 290-300 cm-1 and 250-260 cm-1 which were assigned to the Ph-Sb stretching (t mode) and bending (u mode), respectively 1^.
The 1 Η NMR spectra of triorganoantimony bis(dialkylthiophosphates) showed the expected integration and peak multiplicities ( Table 1 ). The trimethyl-and triethyl-antimony complexes exhibited a singlet for Me 3 Sb and a triplet and a quartet for Et 3 Sb protons, indicating that all the alkyl groups on R 3 Sb are magnetically equivalent. The methyl protons of the isopropoxy group appeared as two doublets, but only one multiplet for OCH< proton was observed. This suggests that the methyl groups of the diisopropylphosphate ligand are anisochronous. The ' 3 C{'h} NMR spectra exhibited a single set of resonances for Sb-R carbons (Table 1 ).
The ligand carbon resonances for C-l and C-2 appeared as doublets due to phosphorus coupling, and in general 3 J( 31 P-13 Q being greater than the 2 J( 31 P-' 3 C).
The 3 'p{^H} NMR spectra of these complexes showed a singlet between δ 55.3 and 58.6 ppm, indicating that both the ligand moieties are magnetically equivalent. The 3 ' Ρ resonance of these complexes appeared at a higher frequency compared to the resonance in the corresponding ammonium salts and showed the following order of deshielding: Me 3 Sb>Et 3 Sb>Ph 3 Sb In organotin(IV) complexes, [R 2 Sn{OSP(OR') 2 } 2 ], an anisobidentate mode of ligand bonding has been suggested on the basis of NMR data.The 31 P NMR chemical shifts are ~ 8.5 ppm upfield as compared to the corresponding ammonium salts'For a series of diisopropyl thiophosphate complexes, Glidewell has suggested that purely S-bonded structures have δ 3, P <+30 ppm and O-bonded >+58 ppm 14 .
In 59 mmol) was added. The reaction mixture was stirred at room temperature for 8 h. The precipitated ammonium chloride was filtered off through a sintered funnel (G-3).
The filtrate was evaporated in vacuo leaving a colourless viscous liquid (1.99 g, 98 % yield). Similarly all other complexes were prepared in 93-98 % yield. Analytical data for these complexes are given in Table 2 . 
